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Abstract
For diagnosing failure and sick rectifying elements, a fault detection and prediction method of rectifier was presented 
in this paper. The output voltage of rectifier was contrasted with normal simulation signal in phase to obtain the 
difference signal. After it was processed according to the set threshold, the coding of the difference signal was 
achieved. The signal coding was adopted to diagnose failure elements or sick elements. In simulation test, the fault 
code tables of rectifier with different control angle were given. The simulation results show the validity of the fault 
detection method presented in this paper.
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1. Introduction 
When rectifying elements work in fault or in abnormal state, the output voltage of rectifier would be 
affected, this could induce load abnormal operation and aggravate power line pollution. So, the fault 
detection and prediction of rectifier is one important research way.
The main fault detection methods of rectifying elements are spectrum analysis method, terminal voltage 
and current detection method, dictionary library diagnose method, fault diagnose based on neural networks
and fault detection based on wavelet etc[1-4]. The main fault prediction methods of rectifying elements are 
complexity measure method, remaining life method and all lifetime rule method etc[5-7].
In this paper, the fault detection and prediction of rectifying elements based on residuals is presented. 
The output difference signal is obtained by contrasting the output voltage of rectifier with failure or sick 
elements and the simulation output signal of rectifier. The failure or sick elements are ascertained by 
analyzing the difference signal.
2. Fault Detection method 
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A. Basic Principle
Fig.1 is the circuit topology of three-phase full-controlled rectifier. Fig.2 is the output voltage curves of 
rectifier, (a) shows the output voltage when VT1 works in fault; (b) shows the output voltage when VT1 
works in abnormal state(for example parameter drift); (c) shows the output voltage when all rectifying
elements work in normal state.
According to figure 2, when rectifying elements work in fault or abnormal state, the output voltage of 
rectifier is different from the normal output. The normal output voltage is orderliness waveform, the fault 
output voltage is losing peak waveform and the abnormal output voltage is segment mutation waveform. 
So, the fault or abnormal output voltage is contrasted with the normal output to obtain a pulse output signal. 
According to the width and position information of the pulse signal, the fault situation of rectifying
elements can be ascertained.
The schematic of fault detection is shown in figure 3. For ensuring the synchrony of the output voltage 
of rectifier and normal simulation signal, the input signal of rectifier simulation stems from power line also.
Figure 1. Three-phase full-controlled rectifier circuit
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Figure 2. The output waveforms of rectifier
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Figure 3. The schematic of fault detection
The normal simulation signal can be obtained by simulating three-phase voltage rectifier, which is 
realized by synthesizing phase voltage after filtering harmonics. Table 1 shows the work state of three-
phase rectifier, Ua, Ub and Uc represents a-phase voltage, b-phase voltage, c-phase voltage respectively.
Table 1 The Working State Of Three-Phase Full-Controlled Rectifier 
Working Elements Output Voltage
1 VT1, VT6 Ua-Ub
2 VT1, VT2 Ua-Uc
3 VT3, VT2 Ub-Uc
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4 VT3, VT4 Ub-Ua
5 VT5, VT4 Uc-Ua
6 VT5, VT6 Uc-Ub
       
B. Signal Process
The output voltage of rectifier after filtering harmonics is contrast with the normal simulation signal;
figure 4 shows the corresponding difference signal when rectifying elements work in different state. 
Fig.4(a) shows the result with all elements normal;  (b) shows the result with one fault element, the 
difference signal is a pulse signal with big amplitude; (c) shows the result with one sick element, the 
difference signal is a pulse signal with small amplitude.
The difference signals shown in figure 4(b) and (c) are unbalanced waveform, so, signal coding can’t be 
carried out directly. One threshold G is introduced in waveform process, G is ascertained according to 
national standards of switch element invalidation. When the value of difference signal is bigger than G ,
the signal value becomes O , otherwise the signal value becomes zero. The signal process result of figure 
4(b) and (c) is shown in figure 5.
According to figure 5, the output of system has been converted into a square wave signal, which can be 
converted into direct-viewing fault information by signal coding.
First, the square wave signal is sampled, which need satisfy sampling theorem to improve veracity. The 
range of sampling point number in one period can be from thirty to sixty. Then, the sampling result is 
contrasted with one constant value H (H is less than the amplitude of square wave signal). When the 
sampling value is bigger than H , the output signal becomes ‘1’, otherwise the output signal becomes ‘0’.
Last, one 0-1 sequence can be obtained. The fault elements are be judged according to the position of ‘1’ or 
‘0’. For example, when VT1 works in fault state, the square wave signal after the difference signal is 
treated is shown in figure 6 and its coding is as following: 
0001111111111111000000000000000000000000.
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Figure 4. The corresponding difference signal when rectifying elements work in different state
time (s)
Figure 5. The processing result of difference signal
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time (ms)
Figure 6. The square wave signal when VT1 works in fault state
3. Simulation results
In simulation test, the control angle of rectifier is divided into four sections. The first section is control 
angle $0 ; the second section is control angle between $0 ~ $60 ; the third section is control angle $60 ;
the fourth section is control angle between $60 ~ $120 .
The work state of rectifying elements is divided into four situations. The first situation is all elements
normal; the second situation is one element fault; the third situation is two elements fault; the fourth 
situation is three elements fault(two elements is in one phase, one element is in other phase).
O =100 and the sampling point number of square wave signal is forty.
The detection result of control angle $0 is shown in table 2. The detection result of control angle 
between $0 ~ $60 is shown in table 3. The detection result of control angle $60 is shown in table 4. The 
detection result of control angle between $60 ~ $120 is shown in table 5.
4. Conclusion 
In this paper, a fault detection method of rectifying element based on residuals principle is presented. 
The main technique adopted is signal analysis. The fault diagnosis and prediction of rectifying elements
can be realized when the control angle of rectifier is adjusted from $0 to $120 . For one fixed control 
angle, there are twenty eight fault kinds diagnosed adopting this method presented in this paper, twenty 
two kinds can be diagnosed adopting other method.
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Table 2 code tables with control angle 
$0
Fault 
Element
Signal Code
Fault 
Element
Signal Code
0000000000000000000000000000000000000
000
VT3,VT4 0000000000000000111111111111111111110000
VT1 0001111111111111000000000000000000000000 VT5,VT4 1110000000000000000000011111111111111111
VT2 0000000000111111111111100000000000000000 VT5,VT6 1111111111000000000000000000001111111111
VT3 0000000000000000111111111111110000000000 VT1,VT6 1111111111111110000000000000000000001111
VT4 0000000000000000000000011111111111100000 VT1,VT2 0001111111111111111111100000000000000000
VT5 1110000000000000000000000000001111111111 VT1,VT4 0001111111111110000000011111111111110000
VT6 1111111111000000000000000000000000001111 VT3,VT6 1111111111000000111111111111110000001111
VT1,VT3 0001111111111111111111111111110000000000 VT5,VT2 1110000000111111111111100000001111111111
VT2,VT6 1111111111111111111111100000000000001111 VT3,VT6,VT2 1111111111111111111111111111110000001111
VT1,VT5 1111111111111110000000000000001111111111 VT5,VT6,VT2 1111111111111111111111110000001111111111
VT4,VT6 1111111111000000000000111111111111111111 VT1,VT4,VT6 1111111111111111000000011111111111111111
VT3,VT5 1110000000000000111111111111111111111111 VT3,VT4,VT6 1111111111000000111111111111111111111111
VT2,VT4 0000000001111111111111111111111111110000 VT5,VT4,VT2 1110000001111111111111111111111111111111
VT3,VT2 0000000000111111111111111111110000000000 VT1,VT2,VT4 0001111111111111111111111111111111110000
Table 3 code tables with control angle between 
$0 ~
$60
Fault 
Element
Signal Code
Fault 
Element
Signal Code
0000000000000000000000000000000000000000 VT4,VT6 1111111111111111000000011111111111111111
VT1 0001111111111111111111100000000000000000 VT3,VT5 1111111110000000111111111111111111111111
VT2 0000000000111111111111111111110000000000 VT2,VT4 1100000001111111111111111111111111111111
VT3 0000000000000000111111111111111111100000 VT3,VT2 0000000000111111111111111111111111110000
VT4 1110000000000000000000011111111111111111 VT3,VT4 1100000000000000111111111111111111111111
VT5 1111111110000000000000000000001111111111 VT5,VT4 1111111110000000000000001111111111111111
VT6 1111111111111111000000000000000000001111 VT5,VT6 1111111111111111000000000000001111111111
VT1,VT3 0001111111111111111111111111111111110000 VT1,VT6 1111111111111111111111110000000000001111
VT2,VT6 1111111111111111111111111111100000001111 VT1,VT2 0001111111111111111111111111100000000000
VT1,VT5 1111111111111111111111000000001111111111
Table 4 code tables with control angle $60
Fault 
Element
Signal Code
Fault 
Element
Signal Code
0000000000000000000000000000000000000000 VT3,VT4 1100000000000000000000011111111111111111
VT1 0000000000111111111111100000000000000000 VT5,VT4 1111111110000000000000000000001111111111
VT2 0000000000000000111111111111110000000000 VT5,VT6 1111111111111111000000000000000000001111
VT3 0000000000000000000000011111111111100000 VT1,VT6 0001111111111111111111000000000000000000
VT4 1110000000000000000000000000001111111111 VT1,VT2 0000000000111111111111111111100000000000
VT5 1111111110000000000000000000000000001111 VT1,VT4 1100000000111111111111000000001111111111
VT6 0001111111111111000000000000000000000000 VT3,VT6 0001111111111111000000011111111111110000
VT1,VT3 0000000000111111111111111111111111110000 VT5,VT2 1111111110000000111111111111100000001111
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VT2,VT6 0001111111111111111111111111100000000000 VT3,VT6,VT2 0001111111111111111111111111111111110000
VT1,VT5 1111111111111111111111000000000000001111 VT5,VT6,VT2 1111111111111111111111111111100000001111
VT4,VT6 1111111111111111000000000000001111111111 VT1,VT4,VT6 1111111111111111111111000000001111111111
VT3,VT5 1111111110000000000000011111111111111111 VT3,VT4,VT6 1111111111111111000000011111111111111111
VT2,VT4 1100000000000000111111111111111111111111 VT5,VT4,VT2 1111111110000000111111111111111111111111
VT3,VT2 0000000000000000111111111111111111110000 VT1,VT2,VT4 1110000000111111111111111111111111111111
Table 5 code tables with control angle between $60 ~ $120
Fault 
Element
Signal Code
Fault 
Element
Signal Code
0000000000000000000000000000000000000000 VT3,VT5 1111111110000000000000011111111111111111
VT1 0000000000111111111111100000000000000000 VT2,VT4 1100000000000000111111111111111111111111
VT2 0000000000000000111111111111110000000000 VT3,VT2 0000000000000000111111111111111111110000
VT3 0000000000000000000000011111111111110000 VT3,VT4 1100000000000000000000011111111111111111
VT4 1110000000000000000000000000001111111111 VT5,VT4 1111111110000000000000000000001111111111
VT5 1111111110000000000000000000000000001111 VT5,VT6 1111111111111111000000000000000000001111
VT6 0001111111111111000000000000000000000000 VT1,VT6 0001111111111111111111000000000000000000
VT1,VT3 0000000000111111111111111111111111110000 VT1,VT2 0000000000111111111111111111100000000000
VT2,VT6 0001111111111111111111111111100000000000 VT1,VT4 1100000000111111111111000000001111111111
VT1,VT5 1111111111111111111111000000000000001111 VT3,VT6 0001111111111111000000011111111111110000
VT4,VT6 1111111111111111000000000000001111111111 VT2,VT5 1111111110000000111111111111100000001111
